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@ Anti-retroviral agents and delh^ery systems for the same. 

@ The present invention provides a method for preventing or 
treating disease caused by retroviruses, particularly human 
immunodeficiency virus. Liposomes are prepared containing 
phosphorylated derivatives of nucleosides wtw'ch act as chain- 
terminators of viral DNA. The phosphorylated nucleosides per 
se. without encapsulation in liposomes, do not readily enter 
cells. However, they are found to be effective if encapsulated in 
liposomes because they remain in liposomes longer, they do 
not escape easily from cells, and they constitute the actwe form 
for incorporation in viral DNA chains. When administered to a 
host, the liposomes are taken up by endocytic and phagocytic 
cells, which are important reservoirs of HIV infection, tf coated 
^ with an appropriate ligand, such as an immunoglobunn 
^ molecule, liposomes containing the phosplx}ryIated nucleo- 
id sides can be directed to phagocytic cells. CD4-po5ithre cells, or 
infected host cells. 
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Description 

NEW ANTl-RETROVIRAL AGENTS AND DELIVERY SYSTBW FOR THE SAME 



BACKGROUND OF THE INVENTION 

5 

Technical Field 

The present invention relates to retroviruses and a method of preventing or treating diseases caused by 
retroviruses. More particularly, the present invention relates to human immunodeficiency virus (HIV) which has 
been implicated in acquired immunodeficiency syndrome (AIDS), new anti-HIV agents and a vehicle for the 
10 delivery of the new anti-HIV agents. 

State of the Art 

Acquired immunodeficiency syndrome (AIDS) has been traced to a retrovirus previously known as HTLV-III, 
LAV or ARV but recently re-named "human immunodeficiency virus* (HIV). The major immunological 

15 pathology caused by AIDS is a reduction in the number of GD4-positive (synonymous with "T4-positive") 
T-Iymphocytes. Because CD4-positive lymphocytes are involved in almost all immune processes, and because 
other immune system cell types are also affected, it is not surprising that infection with the AIDS virus 
devastates immune function. The result is that patients infected with the virus become susceptible to lethal 
opportunistic infections, cancers and a variety of other illnesses. Currently, there is no treatment which does 

20 more than delay the progression of the disease. Without effective therapy, AIDS is known to be lOOP/b fatal. 

Azidothymidine (AZT) is one of the anti-HIV agents believed to affect the progression of HIV infection. 
However, AZT has certain drawbacks and limited utility which vwll become clear. 

SUMMARY OF THE INVENTION 
25 It is therefore, an object of the present invention to provide new and effective anti-retroviral agents. 

It is a further object of the present invention to provide new and effective anti-retroviral agents encapsulated 
in liposomes and compositions made therefrom. 

It is still a further object of the present invention to provide an effective delivery system for targeting the 
anti-retroviral agents to the sites of actual or potential retroviral activity in the infected host. 
30 It is an additional object of the present invention to provide a chemotherapeutic method of treating or 
preventing AIDS. 

Other objects and advantages of the present invention will become apparent from the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 These and other objects, features and many of the attendant advantages of the invention will be better 
understood upon a reading of the following specification when considered in connection with the 
accompanying drawings wherein: 

Figure 1 shows liposomes containing 40 mM ddCTP (top) and liposomes containing phosphate 
buffered saline (bottom). Electron micrographs (x 75,000-1 33 Angstroms/mm) show images negatively 
40 Stained with sodium phosphotungstate. 

Figure 2 shows the size profile of a typical ddCTP liposome preparation. 

Figure 3 shows the time course of p24 expression after infection of elutriated monocytes with human 
immunodeficiency virus. Bars represent standard errors of the mean (S.E.M.) of quadruplicate mrcrotiter 
plate wells. 

45 Figure 4 shows the time course of p24 levels on days 5. 7, 10 and 14 after treatment of HIV-infected 

human monocytes with liposomes containing 40 mM ddCTP (LD). Bars represent S.E.M. of quadruplicate 
microtiter plate wells. 

Figure 5 shows the separation of free antibody from liposome-bound antibody using Sepharose 4B gel 
filtration chromatography. The first 25| peak, centered at fraction 1 1 , represents bound IgG, 

50 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

The above and various other objects and advantages of the present invention are achieved by a unique 
method of delivering anti-retroviral agents to the loci of retroviral activity and an anti-retroviral composition, 
comprising an effective amount of a chain-terminator phosphorylated nucleoside encapsulated in liposomes, 
55 to inhibit multiplication of retrovirus by blocking activity of retroviral reverse transcriptase activity, and a 
pharmaceutically acceptable carrier. 

Unless defined otherwise, all technical and scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to which this invention belongs. Although any methods 
and materials similar or equivalent to those described herein can be used in the practice or testing of th 
60 present invent ion » the preferred methods and materials are now described. AH publications mentioned 
hereunder are incorporated herein by reference. Unless described otherwise, all techniques used herein are 
standard methodologies well known to one of ordinary skill in the art. 

The terms * anti-retroviral" agent, drug, preparation, composition and the like as used herein means that said 
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agent preparation, composition and the like is capable of controlfing or inhibiting the proliferation or 
multopncation of th retrovirus in a susceptibi host, the most important among the retrovirus pathogens being 

The term -chain-terminator phosphorylated nucleoside' or "chain-terminator nucleotide' as used herein 
means that the compound lacks a 3'-hydroxyl moiety, whereby the attachment of another nucleotide to the 3' 
position of sard phosphorylated nucleosid is blocked. resuHing in the termination of retrovims DNA chain 
elongation under the influence of reverse transcriptase (RT). 

The anti-retroviral agents of the present invention have the formula: 

BASE 

(1) 




10 



15 



20 



25 



30 



35 



wherein the *Base- is selected from the group consisting of adenine, guanine, cytosine. thymine ^d 
analogues, derivatives or salts thereof which can be incorporated into growing DNA chains* 

R is H. azido or a group which blocks the attachment of another nucleotide, preventing DNA chain 
elongation of the retrovirus under the influence of reverse transcriptase; and 

P represents either mono, di, tri or other phosphates. 

It is prefen-ed that the compound of the general fomiula (1) be a 2'-deoxy nucleotide. Representative 
examples of such chain-terminator phosphorylated (triphosphates being prefen-ed) nucleosides are as 
follows: 

(a) azidothymidlne 5'-triphosphate 

(b) 2',3'-dideoxycytidine-5'-triphosphate 

(c) 2'.3'-dideoxyadenosine-5'-triphosphate 

(d) 2'.3'-dideoxythymidine-5'-triphosphate 

(e) 2'.3'-dideoxyguanosine-5'-triphosphate. P may also represent other phosphorus-containing 
moieties including ones more metabolically stable than the phosphate. Representative examples ar the 
methylphosphonates and phosphorothioates. 

Contrary to what may be assumed otherwise, it is signrflcanl to note here that non-phosphorylated 
nucleosides per se. are inferior as anti-retroviral agents in the delivery systems described herein compared to 
the con-esponding phosphorylated compounds. Thus, unphosphoryiated azidothymidine. for instance which 
IS presently available as an anti-retroviral agent, is inferior and actually leaks out from the liposomes 

In contrast, the phosphorylated. particularly triphosphate, derivatives of chain-terminator nucleosides are 
nriore efficacious and superior for liposomal preparations in accordance with the present invention for at least ah 
three reasons which are set forth hereunder. 

(a) The triphosphates are much more water-soluble than the nucleosides per se and thus remain 
encapsulated in liposomes much longer (ti/2 > ;60 hours at 4"C for leakage from liposomes described in 
Example 1. infra ). It was discovered, in fact, that azidothymidine is released from liposomes rapidly (ti/2 

<;2 hours at 4^*0 for leakage from similar liposomes) and hence is a poor candidate for liposomal aj= 
delh^ery. ^ 

(b) The triphosphates do not pass across cell membranes easily, hence they are not as useful as free 
drugs. However, this fact confers advantages in selectivity if they could be transported into the cell by 
liposomes, because the molecules of the phosphorylated drug released from liposomes into the 
cytoplasm of a cell would not readily escape Into the external medium, and any drug released from the 
liposome extracellularly would not readily enter the cells non-specifically. 

(c) The triphosphate is the form actually recognized and incorporated into the growing viral DNA chain 
by viral RT. Therefore, nucleoside analogs which enter the cell in free fonn must first be phosphorylated 
before they can function to tenninate the chain. Since various other metabolic pathways compete with 
phosphorylation, it is clear that a molecule of nucleoside, entering the cell cytoplasm, which stni needs to 
be phosphorylated would be less potent against virus than a molecule which has already been 
phosphorylated. . 

It should be understood, however, that even if the liposomes are taken up by endocytosis. it cannot be a 
priori assumed that the anti-viraJ agent encapsulated in the liposome will be released and become available fi 
Its active fonm to the cell cytoplasm so as to act as a chain-terminator. 

Funrran et al. 1986 PNAS, 83: 8333-7. report that the triphosphate derivative of AZT binds to the HIV RT. 
However, as has been mentio'ned herein, free forms of triphosphorylaled AZT or other such compounds do not 
nter the cells readily. Hence, they cannot be as ffective as "drugs'. 

Bas d on th properties and characteristics not d above, it is quite clear that without actual tests, the 
superionty and advantages of phosphorylated chain-terminator nucleosides relative to non-phosphorylat d 
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compounds could not have been a priori deduced or predicted. Furthermore, nothing In th prior art could 
have suggested the actual anti-retroviral efficacy of a liposomal preparation made from the phosphorylated 
chain-terminator nucleosides without actual tests having been performed. 
As is well known, liposomes can be formed by any of a large number of standard techniqu s, and may be 

5 quite large (up to about 100 microns) or quite small {down to about 25 nm). The size influences both the 
mechanisms of interaction with cells and the biodistribution. For example, liposomes smaller than about 80 nm 
can enter cells through coated pits after binding via a ligand to a receptor or antigen on the cell surface. Thus, 
smaller liposomes would be preferred if a ligand is to be attached. On the other hand, phagocytosis will be 
favored if the liposome is larger. In terms of biodistribution, liposomes smaller than about 100 nm can pass 

10 through sinusoidal clefts in organs such as the liver, spleen, and bone marrow, whereas larger particles 
cannot. 

Of course, liposomes can also be formed wnth many different compositions. Most are based on two-chain 
phospholipids such as the phosphatidylcholines and sphingomyelins. Liposomes may also include other lipids 
such as cholesterol (often added to confer "toughness" on the lipid structures), stearylamine (for positive 

15 charge), and various other lipids for negative charge. The most commonly added negative lipids are 
phosphatidylglycerol, phosphatidylserine, diacetylphosphate. and cardiolipin. Negative charge tends to 
increase the avidity of liposome uptake by phagocytic cells. Phosphatidylserine. in particular, has been 
reported to constitute a particular signal for recognition by phagocytes and also to play a role in activation of 
those cells. Thus, phosphatidylserine may be preferred for inclusion in liposomes when the targeted cells are 

20 phagocytic or endocytic. 

Typically. liposome formation and encapsulation of water-soluble substances involves dispersing the lipid, 
adding a solution containing the drug, and ensuring that the lipid is effectively hydrated by the solution. It is 
generally necessary to carry out these steps above the phase transition (s), if any, of the lipid mixture. 
Alternative approaches to liposome formation involve dispersion of lipid in an organic solvent, addition of 

25 drug-containing aqueous solution to form a colloidal suspension, and removal of the organic solvent to leave 
liposomes containing the drug. After any of these procedures, the fiposomes could be reduced to small size by 
processes such as sonication. extrusion through a small orifice, or extrusion through a filter with holes of the 
appropriate size. Unencapsulated or free drug is usually removed from the external solution by column 
chromatography, centrifugation, dialysis, or the like. Of course, liposomes can also be lyophiiized and loaded 

30 with drug after formation. 

The following examples illustrate the preferred embodiments of the present invention employing 
dideoxycytidine triphosphate as the anti-retroviral agent. It is emphasized that ordinarily such compounds 
would not be thought of as effective *'drugs" since they do not enter the cells as easily as the 
unphosphorylated forms; however, such compounds are effective drugs against retroviruses when delivered 

35 through liposomes according to the present invention. 

Example 1 

Formation of Liposomes containing dideoxycytidine triphosphate 

40 The materials used for formation of liposomes were as follows: dipalmitoyi phosphatidylcholine (DPPC) and 
dipalmitoyi phosphatidylglycerol (DPPG) were obtained from Avanti Biochemicals (Birmingham, AI., USA), 
primary standard cholesterol from Eastman Kodak (Rochester. N.Y.. USA), i^C-cholesteryl oleate (i.e., 
cholesteryl-[1]i^C-oleate] from New England Nuclear (Billerica, Mass.. USA) and 2'.3'-dideoxycyt!dine-5'-tri- 
phosphate (ddCTP) from Pharmacia (Piscataway, NJ., USA). 

45 DPPC (62.5 mg). DPPG (12.5 mg), cholesterol (21.3 mg). and ^^C-choIesteryl oleate (0.125 micro Ci) were 
dried out of chloroform onto the walls of a glass vial, under a stream of nitrogen gas. Final removal of 
chloroform was achieved by several hours on a freeze-dryer under high vacuum. Solution for encapsulation 
was made up by hydrating 60 micromoles of dideoxycytidine triphosphate (ddCTP) v^Vn 0.6 ml of sterile 
distilled water and 0.6 ml of sterile phosphate-buffered saline. The final ddCTP concentration was 40 mM. One 

50 ml of ddCTP solution was then added to the glass vial, which was flushed with nitrogen gas to exclude oxygen. 
The vial was heated to 45'' C. and maintained at that temperature for 1 5 minutes, with intermittent vortex-iriixing 
(5 X 15-second periods). The liposome suspension was then trans f erred to a plastic cryotube and subjected 
to 5 f reeze-thaw cycles using liquid nitrogen and a 37** C water bath. The suspension was forced under 200-700 
pounds per square inch of pressure through an Extruder (Lipex Biomembranes. Inc., Vancouver, B.C., 

55 Canada) fitted with two 0.4-micron polycarbonate filters. This extrusion process was performed 10 times, 
always at about 45° C (above the transition temperature of the lipids). "Empty' liposomes were made 
identically except that phosphate buffered saline was substituted for the ddCTP solution. In the case of 
ddCTP-liposomes, free drug was removed by dialysis overnight against two changes of phoshpate buffered 
saline. In other, similar experiments, free ddCTP was removed by size exclusion column chromatography. 

60 Liposomes containing the other pr ferred chain-terminator phosphorylated nucleosides ar prepared in a 
similar manner. 

Characterization of liposomes 
The amount of lipid in the preparation was determined from ^^C counts (I'^C-cholesteryl oleate) in a 
65 standard beta counting scintillation fluid. The amount of ddCTP was assessed from the optical density at 280 
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nm Samples for optical density reading were prepared by adding 0.9 ml of 65:25 chloroform ethanol solution 
to 0.5 ml o the sample. This eliminated Dght scatter that would otherwise have resulted fr^ 52 pres^nS c3 
l.p.d part.cles. Negative staining electron microscopy was performed using glow-dis?harge^ fo^^Sbon 
coat d gnds and sodium phosphotungstate. Release of ddCTP from liposl>^es waTaSssed ZlaSSs o^ 

3" ".T"* P^°=P'^=lf """^^f^ Th« integrity of ddCTp'was assessed bTwgtSrfSSnce 

gradi nt-elution anion xchang chromatography. ' ^ kwnorrnance 

Toxicity and anti-viral effect in vitro : 

Uposomes were tested for toxic effect on two types of cells which chronically produce HIV One don 
(8.E6) was denved from the lymphoid cell line A.301 ; the other clone (U.I) was derived from the nmm^n^^^ 
line U937. Cells (1 x 10a/well) in RPMI medium with 100/0 fetal calf serinereTfit^^intorflTt Sm 
96-well microtiter plate. To each well was added 50 microliters of solution containinSSTpos^mes eS 

^^JHhI'JI^ ''T^n'T P^r^r^'^ """^^^'^ '^***y "Microliters of phorbol myristyl acSteTpMA)^- 

then added to each well to a final concentration of 10-9 m for stimulation, or else 50 microWers of saBne ^ 
added for non-stimulated configurations. The plates were incubated at SZ-C in 70% S for^^^ 
hours^ 100 microliters of supernatant was then taken from each well to analyze for reverse tra^scriDtW^Ri? 
actrvrty usmg polyadenylate and oligonieoxythymidine. To perform the RT as^y. 10 microlrteS^^f S^rnataS 
containing RT «^dded to a cocktail containing poly A. oligo dT (Pharmacia. Inc. PiSitemy N J Ss>? 
MgCl2. and 32P^ (Amersham) and incubated for 2 hours at 37'C. Ten microliters of the cSkll wi then 
spotted onto DE81 paper, dried, and washed in IX saline sodium citrate buffer. The paper was 5SS ci3 
and counted on a Becl<man LS 7000 scintillation counter. h f inen anea. cut 

Cells in the remaining 100 microliters in each well were resuspended vigorously, and 50 microliter samoles 
were then transferred to corresponding wells in a new plate. To each weii in the new plated n^Srs c^ 
Jfr^hT. 'H ^'^ ^ "^^^^f^f^^ of 3H-thymidine were added. The plates were incubated at 37' C In zSoCO^ 
for about 4 hours, harvested, washed, and counted for uptake of 3H-thymidine. m / /o ouz 

Characterization of liposomes 

The above procedure trapped 90^ of the total ddCTP. and the calculated capture was 26 
microliters/micromole lipid. The T,/^ for leakage at 4-C was > :60 hours. Negative staining electron-micri 

3 t^:tir:,°';i;ir;Ti zv. ^^-^'"^ '° ^ "'""""-^ °* -'--^ ^« ^^^^^ - 

Toxicity : 

Tritiated thymidine uptake was used to assess toxic effects of ddCTP liposomes on the iymohoid (8 E6) and 

cTr.ZZVLV''''^^^^ ""^^ ^^""^ ^^^'^ effects SSnS^^ 

cell type v^'^^Jree ddCTP, empty liposomes, or ddCTP-iiposomes, regardless of whether or not the cells were 
stimulated wrth PMA. As judged by trypan blue exclusion test, the cells remained more than 900/o viable a^^^^ 
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TABLE 1. 

•LACK OF TOXICITY OF ddCTP-LIPOSOMES 



70 



15 



20 



25 



30 



ASSESSED BY ^h-THYMIDINE UPTAKE 


IN TWO 


CELLS 


TYPES 




U. 1 


I r>romonocvtic ^ 8 . E6 


( Ivmphocvtic ) 




Dos 


e 


■le 

— PMA 






+PMA 


No drug: 


0. 


0 


100 


80 


100 




ddCTP-liposomes : 


10 . 


0 


100 


80 


80 


85 




1. 


0 


107 


84 


99 


102 




0. 


1 


90 


77 


111 


85 




0. 


01 


118 


, 77 


112 


87 


ddCTP: 


10. 


.0 


96 


75 


162 


107 




1 . 


.0 


101 


105 


100 


96 




0, 


.1 


79 


99 


112 


97 




0 


.01 


90 


99 


115 


78 





Empty liposomes: 10.0 


80 


85 


'83 


88 


35 


1.0 


83 


90 


119 


113 




0.1 


82 


115 


99 


115 




0.01 


115 


87 


84 


117 



40 



* PMA: phorbol myristic acetate 
45 * * ddCTP dose in micrograms/m! (or equivalent in empty liposome lipid). Each entry represents the mean oT 
duplicate determinations, relative to the control with no drug and no stimulation. 

Anti-virai Effect i * 

Table 2 shows the results for RT assays on 8.E6 and U.1 cells in the absence of PMA stimulation. 
50 ddCTP-iiposomes substantially inhibited RT activity at all doses tested, whereas ddCTP and empty liposomes 
had much less effect. 
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TABLE 2. 

INHIBITION OF HIV REVERSE TRANSCRIPTASE 
ACTIVITY IN U.l CELLS BY LIPOSOMES CONTAINING 

DIDEOXYCYTIDINE TRIPHOSPHATE ^ 

Dose* ddCTP-Lip Empty Lip Free ddCTP 

10 



10.0 


29 


+/- 


8%** 


87 


+/- 


6% 


69 


+/- 


21% 


1.0 


19 


+ /- 


2 


82 


+/- 


17 


61 


+/- 


4 


0.1 


27 


+/- 


10 


80 


+/- 


15 


80 


+/- 


12 


0.01 


26 


+/- 


0.2 


68 


+/- 


38 


67 


+/- 


19 



ddCTP dose in micrograms/ml (or equivalent in empty liposome lipid) 

25 

Percentages relative to controls with no drug (mean of duplicate determinations. ± standard deviation). The 
aggregate mean for ddCTP-liposomes differs significantly from that for empty liposomes (p < ;.01) and that for 
free ddCTP (p<:.01) using two-tail Student's t-test and proportional error model. 

Table 3 shows the results for RT assays on U.1 cells stimulated by IQ-^M PMA. Substantial inhibition is seen 30 
at all IavpIs of lioosomes containing ddCTP. 

TABLE 3. 

INHIBITION OF HIV REVERSE TRANSCRIPTASE ^ 
ACTIVITY IN PMA- STIMULATED U.l CELLS BY 
LIPOSOMES CONTAINING DIDEOXYCYTIDINE TRIPHOSPHATE 



Dose* 


ddCTP-Lip 


Empty Lip 


Free ddCTP 


w 


10.0 


53% 


ND 


75% 


45 


1.0 


55 


96 


75 




0.1 


58 


93 


96 




0.01 


51 


110 


84 


50 



55 

ddCTP dose in micrograms/ml (or equivaient in empty liposome lipid) 

Percentages normalized by average of empty liposome controls. Each entry is the mean of duplicate 
determinations. In this experiment cells were simulated with 1 nM PMA. Aggregate mean for ddCTP-liposomes 
differs significantly from that for empty liposomes (p < ;0.01) and that for free ddCTP (p< ;0.01) using two-tail 60 
Student's t-test and proportional error model. 

ND = Not done. 
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Liposomes containing dideoxycytidine triphosphate for toxicity testing in v'rvo > 

Large muitilamellar liposomes were prepared as described above, but with the following changes: The 
composition was DPPC (150 mg). DPPG (40 mg). and cholesterol (60 mg). The ddCTP (40 micromoies) was 
hydrated in sterile distilled water and added to the lipid. The suspension was flushed with argon gas. heat d to 

5 50^C. and vortex-mixed intermittently over a two-hour period. Th suspension was then sonicated for 5-8 
minutes using a cup-hom sonicator (Heat Systems- Ultrasonics. Inc.. Plainvlew, N.Y.. USA). This procedure 
trapped approximately 35o/o of the ddCTP, as determined by elution on a size-exclusion column. Empty 
liposomes were made identically by substituting phosphate buffered saline for the ddCTP solution. For in vivo 
experiments, free drug was not removed. 

10 For toxicity testing. C57BL/6J female (18-19 gm) mice were used. Starting on day 0. the mice (5 per group) 
were injected i.v. under pentobarbital anesthesia every 2-3 days for 3 weeks with ddGTP liposomes. The 
injectate contained about 718 micrograms of ddCTP (approx. 35o/o entrapped) and 12.5 mg lipid per injection. 
Other groups of five mice received phosphate buffered saline. Some of the mice were infected on day zero by 
Kp. injection of LP-BM5 murine leukemia virus (Mosler et al. J. Exp. Med. 161 :766-784 (1985)). However, this 

15 had no independent effect on weight or survival during the time of the experiment. Results shown in Table 4 
show no significant toxicity attributable to the ddCTP liposomes with respect to weight profiles or mortality. 
Other groups of 5 mice (not shown) injected with 1/5 and 1/25 the dose of ddCTP liposomes showed similar 
lack of toxicity. 

20 TABLE 4 . 

IxACK OF TOXICITY OF ddCTP LIPOSOMES INJECTED INTO MICE 



25^ Infected animals 

Day* ddCTP-Lip** Saline Saline 



30 


0 


18.7 +/- 


0. 


9 


17.9 +/- 


1. 


3 


18.0 +/- 


1.6 




2 


18.9 +/- 


0. 


6 


19-2 +/- 


1. 


5 


19.1 +/- 


1.6 




4 


19.3 +/- 


0. 


8 


19.3 +/- 


1. 


4 


19.2 +/- 


1.4 


35 


6 


19.6 +/- 


0. 


8 


19.0 +/- 


1 . 


3 


19.0 +/- 


1.1 




8 


20.2 +/- 


0. 


8 


16.9 +/- 


1. 


4 


19.3 +/- 


1.4 




13 


20.2 +/- 


0. 


9 


19.2 +/- 


1. 


4 


19.5 +/- 


1.3 


40 


19 


20.8 +/- 


0. 


8 


19.1 +/- 


1. 


7 


19.9 +/- 


1.5 




22 


21.1 +/- 


0. 


6 


19.5 +/- 


1- 


7 


20-0 +/- 


1.5 




Net change : +2.4 






+1.6 






+2.0 




45 


Survivors 


: 5/5 






5/5 






5/5 





50 

* Day after injection and infection (n =^ 5 per group). 

* * Each injectate contained 12.5 mg total lipid, 251 micrograms of encapsulated ddCTP. and 467 micrograms 
of free ddCTP in 50 microliters. Animals were injected every 2-3 days. No significant differences in weight 

55 curves were seen. Under the conditions of the experiment, infection was not expected to influence weight 
significantly. 

Example 2 

60 Liposomes for Inhibition of the Human Immunodeficiency Virus in Monocytes 
Preparation of Liposomes 

Egg yolk phosphatidylcholine (EPC) and bovine brain phosphattdylserine (PS) were obtained from Avanti 
Biochemicals (Birmingham, Ala., USA). Thin layer chromatography (elution with chloroform :methanol:water 
65 65:25:4) revealed no visible impurities with loads of 200 micrograms. Cholesterol, ^^c-cholesteryl oleate, and 
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ddCTP were obtained from the same sourc s as in Example 1. The ddCTP was found to be greater than 980>b 
pure (with respect to O.D. 268) by elutlon on a VYDAC 303NT405 nucleotide HPLC column (Separations 
Group. Hesperia, Calrf.. USA). Partially purified S.S-diSH-Z.S'-dideoxycytidine-S'-triphosphate (^H-ddCTP) was 
obtained from Moraveck Biochemicals (Brea. California. USA). Portions of the tritiated stock were repunfied 
on the nucleotid column prior to use. 

EPC (56.3 mg), PS (28.8 mg). cholesterol (33.4 mg), and ^^C-choIesteryl oleate (0.125 micro Ci) were dried 
out of chloroform onto the walls of a glass vial under a stream of nitrogen gas. Uposomes containing either 4 
or 40 mM ddCTP were prepared by hydration, vortex-mixing, freeze-thaw cycling, and extrusion through 
polycarbonate filters as described in Example 1 except that 3H-ddCTP (usually 2 micro Ci) was added to the 
ddCTP stock to serve as a radioactive tracer. Unencapsulated ddCTP was removed by gel filtration column 
chromatography or by centrifugation of small columns containing Sephadex G25M (Pharmacia) followrng 
standard procedures such as described by Fry, et al.. Anal. Biochem. 90:809-815. 1978. 

Characterization of Process 

The amounts of lipid and ddCTP in the preparation were calculated from t<C and 3h counts respectively 
Encapsulation was generally in the range of 1.5-2 microliters/micromole EPC. The size distribution of 
liposomes was determined by quasi-elastic light-scattering (QELS) using an N4MD multiple-angle submicron 
particle size analyzer (Coulter. Hiaieah. Fla.. USA). Figure 2 shows the size distribution for a typical preparation 
that had been stored at 4°C In phosphate-buffered saline for about 2 weeks. The profile is substantially similar 
to that of a fresh preparation. The weight average diameter was about 215 nm with the coefficient of variation 
being about 100 nm. 

The release of liposome contents as a function of time was assessed by centrifugal elutlon of free ddCTP 
through Centrifree filters (Amicon. Danvers, Mass.. USA). Typically. 100 microliters of suspension was 
centrifuged at 1500 G for about 10 minutes. 100 microliters additional phosphate-buffered saline was added 
and the filter was again spun for about 10 minutes. Pooled filtrate was counted for ^H-ddCTP to determine 
released drug, and the filter itself was similarly counted to establish the mass balance. Very little 
i*C-cholesteryl oleate was ever found in the filtrate, indicating that liposomal lipid was not passing through the 
filter. These studies, as well as dialysis experiments such as described in Example 1 . indicate very little leakage 
under the conditions of routine liposome storage (at 4^C. in phosphate-buffered saline). Leakage tests were 
also conducted under conditions mimicking those of the viral experiments infra, i.e.. In tissue culture plates 
with 96 flat-bottom wells (Costar, Cambridge, Mass.. USA) at 37° C in a CO2 incubator in Dulbecco's Minimal 
Eagles Medium supplemented with gentamycin. glutamine, and lO^A) fetal calf serum (DMEM-GG-FCS) The 
results are shown in Table 5. Very little leakage of ddCTP was observed over a period of 72 hours, either in the 
presence or in the absence of adherent monocytes. In contrast. 500/o of the ddC was released within 1 hour 
and 950/0 within 4 hours. These results clearly demonstrate that the nucleoside itself (ddC) is not as suitable for 
encapsulation in liposomes as Is the phosphorylated form. 
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TABLE 5- 

LEAKAGE OF ddCTP AND ddC FROM LIPOSOMES AT 37 °C, IN 
THE PRESENCE AND ABSENCE OF ADHERENT HUMAN MONOCYTES 
% of -total drug in liposomes 



10 



15 



20 



time (h) 


ddCTP (cells) 


daCTP 


duL. ( cexxs ' 




0 


84 .4 


85 . 6 


55 . 7 


58 . 5 


0.16 


83.8 


74.3 


60.4 


58.7 


0.32 


84 .4 


78.5 


50.9 


48 .7 


1 


78.0 


1 1 . z 


32.2 


30 .3 


2 


83.3 


82.1 


19.2 


23.0 


4 


82.9 


78.5 


14.4 


8.6 


24 


75.9 


81.7 


9.5 


7.5 


48 


68.0 


75. 7 


4.8 


6.4 


72 


78.4 


87.4 


8.0 





30 

Effect of fiposomes on viability and activity of human monocytes 

Human peripheral blood mononuclear cells were obtained by standard procedures employing continuous 
flow cell separation (leukapheresis). such as described in Wahl, et aK, Cellular Immunol. 85:373-383 (1984). The 
preparation was diluted in phosphate-buffered saline and layered onto gradients of Ficoll-Paque 
^ (Pharmacia-PL Biochemicals, Piscataway. N.J.. USA). After centrifugation. mononuclear cells were pipetted 
from the interface, washed, and suspended in DMEM-GG-FCS. They were then fractionated by countercurrent 
centrifugal elutriation. The procedure comprises the Beckman elutriation system including a J-21 Becknian 
Centrifuge, a JE-6 elutriator rotor, a stroboscope, and a Masterflex pump and pumphead. The cells were 
loaded into the rotor and fractionated by elution at increasing flow rates. Fractions 7 and 8, highly enriched for 
monocytes, were pooled for use- 
Empty liposomes. ddCTP-liposomes. ddCTP. and ddCTP plus empty liposomes were all tested for their 
effect on three different monocyte functions: (i) per cent lysis of Candida albicans; (ii) production of 
prostaglandin E2; and (iii) production of superoxide {Wahl. et al.. Cellular Immunol. 85:384-395 (1984). No 
consistent effects were found for empty liposomes. ddCTP-iiposomes. free ddCTP, or ddCTP plus empty 
liposomes. Table 6 shows the lack of effect on superoxide generation. Phorbol myristyl acetate (PMA) served 
as a positive control. There was no demonstrable effect on trypan blue entry or cell numbers as a consequence 
of the incubations. 
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TABLE 5 

SUPEROXIDE GENERATION BY MONOCYTES TREATED WITH ddCTP 
LIPOSOMES, EMPTY LIPOSOMES, FREE ddCTP, and ddCTP PLUS 

EMPTY LIPOSOMES 

Superoxide (nmoles/well ) 



ddCTP 
(uM) 



ddCTP-Lip 



Empty 
Lip 



Free 
ddCTP 



ddCtP + 
Lip 



10 



15 



Control 


0.62 


( .08) 


0.71 


( .12) 


0.89 


( 


.12) 


0.89 


( .13) 




.0 


1.11 


( .06) 


1. 08 


( . 05 ) 


1.19 


( 


.06) 


1.46 


( .03) 


20 


.018 


0.99 


( .04) 


1. 24 


( .04) 


1.33 


( 


.05) 


1.27 


( .08) 


.09 


1. 19 


(.11) 


1.17 


( .10) 


1.42 


( 


. 10) 


1.27 


( .08) 




.45 


1 . 02 


( .05) 


1.27 


( .13) 


1.33 


( 


.08) 


1.23 


( .06) 


25 


2.2 


0. 83 


( .07) 


1. 27 


(.05) 


1. 21 


( 


.02) 


1.81 


( -13) 




11 


1.21 


( .08) 


0.99 


( .02) 


0.85 


( 


. 04) 


1.35 


( .06) 




56 


1. 34 


( -04) 


1-14 


( .04) 


0. 77 


( 


.04) 


1.60 


( -10) 


SO 


PMA 


3.23 


( .09) 


3.30 


(.12) 


3.26 


( 


.05) 


3.46 


(.12) 





PMA: 



phorbol myrystyl acetate treatment (positive con- 
trol). Standard error of the mean in parentheses. 



35 



40 



Uptake of lipid and ddCTP by monocytes 

Uptake of 3H-deoxyctidine triphosphate (^H-dCTP) was used as an indicator of the uptake of vesicle 
contents by cells. Uptake experiments were done by plating 5 x 10^ monocytes in each well of a 6-welJ 
miCTotiter plate (Costar) and adding reagents one or two days later. Incubations were done in DMEM-GG-FCS 
at 37 a The rate of increase of dCTP content in the cells over a 9-hour period (Table 7) averaged 0^ 
pmoie/million cells/hr with liposomes containing 4 mM EPC. The uptake of ^ lipid marker is shown in Table 8 
Other experiments established that ddCTP and ddCMP are not readily taken up by the cells (Table 9) 
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TABLE 7 

UPTAKE OP LIPOSOME-ENCAPSULATED 
dCTP BY ADHERENT HUMAN MONOCYTES 



Tiroe (h) pmole dCTP/1 mi llion cells 



1.25 
1.33 



6 2.04 

g ' 2 • o 2 



0.1 mH EPC, 24.3 liM dCTP, 4 mM dCTP inside liposomes, 
2.4 3 inmole dCTP/mole EPC 

TABLE 8 

UPTAKE OF LIPOSOKES BY ADHERENT 
HUMAN MONOCYTES AT 37°C 



EPC concentration 



Time ( h ) 


pinole lipid/1 


million cells 


1 


8 . 0 


15.0 


3 


7.2 


16.9 


6 


10. 0 


29 .9 


9 


11.3 


36.6 


20 


13.6 


51.9 



Tests were conducted in 10% FCS under conditions mimi 
ing those of studies on anti-viral activity. 
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TABLE 9. 

UPTAKE OF DIDEOXYNUCLEOTIDES BY ADHERENT 
HUMAN MONOCYTES AT 37 °C 



pmole drug/1 million cells 
ddCMP ddc 



ddC+DPM 



SE 

0.15 0.21 0.15 
0.33 0.09 0.07 0.05 
1.00 0.09 0.10 0.06 
3.00 0.11 0.11 0.06 
6.00 0.33 0.08 0.05 
9.00 0.43 
20.00 0.66 



mean SD SE~ 
0.07 0.02 0.01 
0.18 0.00 0.00 
0.22 0.16 0.09 
0.08 0.04 0.02 
0.20 0.01 0.01 



mean SD SE 
U.05 0.05 0.03 
0.01 0.01 0.01 
0.19 0.05 0.03 
0.43 0.17 0.10 
1.30 0.06 0.03 
1.90 
0.81 



The concentration of drugs was 1 uM. 
DPM = 100 uM dipyridamole 

The means, SD and SE, are. calculated from 3 replicates 



0, 
0. 
0. 



11 

13 
26 



0.51 
0.27 



10 



IS 



20 



25 



30 



^.^v.J!^'^ ^^^f ""^f"^ "^^^ assessed by growing cells In microscope slide chambers and incubating 
riic^fntT^w'" ^.^^^tr^,^"^ approximately 1 mole percent fluorescent lipid added. Thi 

nh^crfh ^I^^l"'^ N-(lissamine rhodamine B suHonyD-phosphatidylethanolamine or N-fluorescein- 
phosphatidyl-ethanolamine. After incubation with liposomes at 37°C. the cells showed surface-staining and 
also showed internal fluorescent aggregates suggestive of endocytosed material. 

Stability of ddCTP in serum-containing medium 

lar!SnIllHf^r^^.fI^''lu *"o^!^^^^'^®-''^ """^^ conditions mimicking the anti-viral tests, tt was 
largely converted to ddCMP within 2 hours and was 23o/o ddC in 6 hours (Table 10). ddCMP placed in the 
medium was 93% converted to ddC within 72 hours (Table 11). When the same Incubations were done in the 
»K ^ ""^'^ essentialV identical. These findings demonstrate that liposomes can 

protect the drug from metabolic conversion which would be inevitable if the drug were added to the medium in 
Tree form. 
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TABLE 10 

METABOLISM OF ddCTP at 37 °C IN 10% FETAL CALF SERUM 



Percent: of t:ot:al drug -^H 



10 



15 



20 



£5 





Without. Cells 




— "With 


Cells- 




Time ( h ) 


ddCTP 


ddCMP 


ddC 


ddCTP 


ddCMP 


ddC 


0-5 


'39.6 


38.8 


13.6 


67.8 


32.2 


0 


0.75 


20 .3 


75.4 


3.8 


30.2 


64.5 


1.7 


1.5 


19 .5 


75.4 


2.6 


14.4 


73.2 


6.5 


4 


2.7 


84.3 


11.5 


1.4 


86.6 


12 


6 


0.6 


78.5 


20.7 


1.4 


75.3 


23.1 



Studies were conducted under conditions mimicking those of anti-vira! tests. ddCMP: dideoxycytidine 
monophosphate. Data points represent integrals under HPLC peaks from gradient elution on a VYDAG 
30 nucleotide column. 

TABLE 11 

METABOLISM OF ddCTP at 37 °C IN 10% FETAL CALF SERUM 



35 



40 



45 



50 



55 





Without Cells 




— With 


Cells- 




Time (h) 


ddCTP 


ddCMP 


ddC 


ddCTP 


ddCMP 


ddC 


0.5 


0 


99.2 


0.8 


0 


99.7 


.0.3 


0.75 


0 


99 . 7 


0.3 


3.1 


99.9 


0 


1.5 


0 


98.5 


1.5 


1.3 


98.1 


0.6 


4 


0 


89 .9 


10.1 


0 


92.0 


8.0 


6 


0 


66 . 3 


24.8 


0 


70.2 


29.8 


72 


0 


7 .7 


92.3 


0 


7.3 


92.7 



60 



Studies were conducted under conditions mimicking those of anti-viral tests. ddCMP: ^'deoxycytidine 
monophosphate. Data points represent integrals under HPLC peaks from gradient elution on a VYDAC 
nucleotide column. 
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Inhibition of HIV prorrferation in monocy tes 

Elutriated monocytes were infected (day 0) with a monocyte/macrophage-derived strain of HIV-1 (Ba-U 
vj^shed and allowed to settle In plastic tissue culture wells. They were then treated on days 1. 3. 5 and 7 with 
ddCTP-hposomes. empty liposomes, free ddCTP. or empty liposomes plus free ddCTP Samples of 
supernatant were coHected on days 3. 5. 7. 10. 14. 17 and 21 and inactivated with Trhon X100 detergent The 
samples were ass^ed for HIV p24 antigen using an ELISA assay (DuPont. Wilmington. DE. USA) The 
hS'.S'^^H fhf « nr'^ -ncubated with samples at room temperature (about 22-25- C overnight (about 16 
hours), and the second layer detection step was done at 37"C for 1 hour. In order to read concentrations inth 
non-hnear r^ge of the assay. OD 490 nm readings were taken as a function of time after addiioJ of Se 
substrate, as well as after stopping the reaction with sulfuric acid. Control experiments indicated Sfectton 
the cells, accompanied by increasing supernatant concentrations of p24 (Figure 3) 

po*^^" w ^^^""^^ "^^""^ '"^^'^ liposomes. ddCTP liposomes inhibited p24 expression by > 90% at 
62.5 nM drug concentration. Empty liposomes had little or no effect, even at 64-fold higher noid"' 
concentrations. Hence, the lipid itself could not account for the obsen/ed activity. Free ddCTP and ddCTP dIus 
liposornes were active at similar concentrations. The observation that the liposomes release < •10o^ of thefr 
contents m 6 hours and < ;20o/o in 24 hours under the experimental conditions used is against the poSlS 
J? Jll «^ ri '^^'"9°"' °' «P°5°'"es. converting over days to ddC. and being taken up in free fonn £ 
the cells. If that were the mechanism of activity, one would have expected a significant delay irthe 
effectiveness of the liposomal ddCTP. Such delay was not observed. ^ 

Thus the data presented herein cleariy demonstrate the efficacy of the liposomal preparations of the 
present invention against HIV without apparent side effects or toxicity. To further^crease the selectivity of the 
liposomal preparation of the present invention, specific ligands including antibodies or antibody fragments 
either against CD4 or against coat polyprotein of the virus (whose epitopes are exposed on the surface of the 
host cell at least at some point during the viral replication cycle) conjugated with the liposomes can of course 
also be used. Furthermore, the viral coat protein or a fragment thereof such as the T-peptide or one of its' 25 
analogues can be used as a ligand. ^ ■ 

Techniques for preparing such conjugates are routine and well known in the art When so made the 
preparations of the present invention can be naturally targeted and delivered in an effective dose either to the 
endocytic and phago^ic cells which form a reservoir for the retrovirus or. if conjugated with a suitable ligand 
can be targeted to the CD4-positive lymphocytes and the like. Example 3 is illustrative 30 



Example 3 



10 



15' 



20 



Antibody-bearing ddCTP-liposomes 

As mentioned above, antibodies can be used to target liposomes for interaction with particular cell types 35 
(Wemstein. et al., Biochim. Bophys. Acta 509:272-288 (1978). In the context of AIDS, it will be useful to target 
the CD4 and Class II antigens (as parts of the HIV binding site), gp120 then viral outer coat protein). gp41 (the 
viral inner coat protein), and other antigenic determinants characteristic of either the virus or the host cell It 
win also be useful to target Fc receptors and other receptors responsible in monocytes and macrophages for 

K-t ? particles. This may enhance the effectiveness of liposomes containing chain terminators 40 

n inhibiting viral growth in these cells. Hence. Fc receptors were targeted by attaching mouse IgG (including 
he Fc portion) to liposomes. Of course, it would also be possible to attach only the Fc domain or a portion 
thereof to serve the same purpose. 

o J^c^o^c^r^.o^i!!?? liposomes, a modification of the method described by Leserman. et al. (Nature 
288:602-604 (1980)) was used. The antibody selected for the study was 36-7-5. a murine IgGa reactive wHh 45 
cet types^ opsonize" liposomes for uptake by Fc receptors on the monocyte lineage and other 

Liposomes were made in essentially the same manner as in Example 2. but with the addition of 5 moleoyb 

Phosphatidylethanotamine (MPB-PE; Matthay. et al.. Ca Res. 44:1880-1886 
,00" °v ^"■'"'"Sfi^. Ala. USA. The final composition was EPC (48.5 mg), bovine PS so 

(28.8 mg), cholesterol (33.4 mg), MPB-PE (9.5 mg). i-»C-cholesteryl oleate (200 micro Ci). Free ddCTP was 
separated by gel filtration on a column of Sephadex G25 packed into a 1-ml syringe. A sample of 36-7-5 
antibody was labled with 125, by the standard lodo-gen technique to a specific activity of 5.26 xtO" 
m". Mof, V modified using 3-(2-pyridyWithio)propionate (SPDP; Pharmacia. Piscataway. 

n^^VoW ■ IV 7!Pen^^«"f '"^^ ""^ "''-'9° ""^ Unmodified IgG) in 1 ml was added 1.6 55 

rnicroliters of 20 mM SPDP. The solution was vortex-mixed occasionally during a 30-minute incubation at room 
temperature and eluted on a PD 10 column (Pharmacia) equilibrated with 200 mM acetate buffer at pH 4 5 
Appropnate fractions for collection were indicated by counting the The dithlopyridyl groups introduced 
into the antibody were then reduced to yield thiol by addition of dlthiothreitol at a flnaJ concentration of 50 mM. 
= Dn.,n °f "I'nirtes incubation at room temperature, the protein was separated from DTT by passag over 60 
a PD10 column pr -equilibrated with 10 mM Hep s-buffered saiine. pH8.0. To coupl antibody to liposomes. 50 
lif ^ °1 suspension (2.6 micromolar EPC) was added to 100 microfiters of i26|.,abeled thiolated 

antibody and 350 microliters of phosphate-buffered salin . The solution was incubat d at room t mperature 

^nnJl^r'? J "^^ liposomes were then separated from free antibody (Rgure 5) using a 

standard Sepharose 4B column (Pharmacia). 
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The calculated average number of antibody molecules per liposome (assuming an average diametep of 
about 250 nm) was 11. Approximately 750/o of the antibody recovered was bound to liposomes 

For studies of uptake by the monocytes, cells were plated at 5 x 10^ per well in 6-well plates (Costar). After 
one day the solution was removed, and the cells were washed twice with DMEM-GG-FCS and once with 
5 phosphate-buffered saline. 1 ml of liposome-containing DMEM-GG-FCS was then added and the cells 
incubated at 37" C for 0. 1 .5, 3, 6, 24 or 40 hours. 0.6 ml of 0.4«Vb sodium dodecyl sulfate solution was added to 
each well, and the plates were shaken to remove cells from the plastic. The dissolved cells were then counted 
for "'^si 14^^ Bnd 3h. 

Table 12 shows the results. As indicated by 14c counts, the cells took up more of the antibody-bearing 
10 liposomes than of the liposomes not bearing the antibody. 

TABLE 12 

UPTAKE OF ANTIBODY-BEARING LIPOSOMES BY HUMAN 
15 MONOCYTES AT 37^C IN 10% FETAL CALF SERUM 



20 



40 



45 



50 



55 



60 



PicomQle lipid/million cells 

Time (h) Plain Lipos MPB-PE Lipos Antibody-Lipos 





0 


20.1 


41.6 


53.2 




1.5 


28.1 


59.6 


181.3 




3.0 


27.9 


77.6 


125.8 




6.0 


33.2 


95.1 


194.3 


30 


24.0 


68.2 


225.0 


360.6 




40.0 


150.6 


316.8 


505.1 


35 


Tests were 


conducted 


under conditions 


mimicking those of 




ant i -viral 


studies . 







Example 4. 



Other chain-termi nator nucleosides and nucleotides encapsulated in Uposom es for anti-viral effect 

The properties of dideoxycytidine and dideoxycytidine triphosphate with respect to en^psutation in 
liposomes were described in Example 2. A number of other phosphorylated and unphosphorylated 
nucleosides have also been studied to determine their suitability for encapsulation m liposomes. 

2',3'-dideoxyguanosine SMriphosphate (ddeiP), 2',3'-dideoxyadenosine S'-triphosphate ^dATP). z-.cs- 
dideoxythymidine 5'-triphosphate (ddTTP). 2'.3'-dideoxycytidine 5'-diphosphate (ddCDP). and 2^ 3 -dideoxy 
cytidine S'-monophosphate (ddCMP) were obtained from Phannacia (Piscataway. NJ.. USA). LiPOf^"J^ 
containing each of these agents were prepared using 56 mg EPC, 29 mg PS. 33 mg cholesterol. f^^J^^^ 
micro Ci i^c-cholesteryl oleate. Solutions for encapsulation were 8 mM nucleoside or nucleotide in 
phosphate-buffered saline pH 7. Uposomes were prepared essentially as described in Example 2, by ^^^^^ 
lipid onto the walls of a glass vial, hydrating the lipid with a portion of the solution to be encapsulated, 
vortex-mixing, and freeze-thawing 5 times with Bquid nitrogen. However, the lipid was hydrated in 0.8 ml, rather 
than 1.0 ml. and the extrusion step was eliminated. Hence, the product obtained was expected to be 
freeze-thawed multilamellar liposomes. The preparation was washed by centrtfugation 3 times to remove 
unencapsulated solute. The volume encapsulated was determined by xtraction, using equal volum s of 
chloroformimethanol (65:25) and phosphate buffer d saline. The nucleoside and nucleotide solutes 
partitioned largely into the aqueous phase, whereas lipid was found in the organic phase and near the interface 
aft r centrtfugation. The amount of solute encapsulated was determined by standard ultraviolet spectroscopy, 
and the lipid was measured by counting the ^^c label in scintillation lluid. The volumes of encapsulation 
^5 obtained are listed in Table 13. 
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Rates of solute release w re determined by adding 145 microliters of phosphate buffered saline to 25 
microliters of liposomes and centrrfuging in an Airtuge (Beckman) at approximately 100.000G for IQ minutes 
The liposome pellets were then counted for lipid, and 100 microliters of each supernatant was diluted 
5-fold with phosphate buffered saline for urtraviolet spectroscopy. Table 13 shows the release observed after 
approximately 2 days at 4*^0. In each case, the triphosphates are released less, and the less phosphorylated 
forms are released to a greater extent. The largest release was observed for the non-phosphorylated form 
ddT. 

The anti-viral effect of these compounds is detemnined as described herein supra . 

Table 13 

Volume of encapsulation and percent release at 4°C in 2 
days for various chain-terminator nucleosides and 
nucleotides in liposomes 



Encapsulated Volume of Encapsulation Percent 

Molecule { microliters /micromole EPC) Release 



ddGTP 


2 . 74 


0.3% 




ddATP 


1.30 


0.9 




ddTTP 


1.61 


0.04 


25 


ddT 


1.29 


45.1 




ddCDP 


1 . 26 


6.2 




ddCMP 


0.76 


6.9 


30 



EPC: Egg phosphatidylcholine; ddGTP; dideoxyguanosine triphosphate; ddATP: dideoxyadenoslne triphos- 
phate; 6(STTP: dideoxythymidine triphosphate; ddT : dideoxythymidine; ddCDP: dideoxycytidine diphosphate; 
ddCMP; dideoxycytidine monophosphate 

For the preparation of a pharmaceutical composition, any suitable non-toxic carriers, adjuvants, sterilants 40 
and the like can be used. Preferred examples of such additives are physiological saline, non-toxic sterile 
buffers, anti-bacterial agents and the like. Of course, the preparations of the present invention can be 
administered for treating an infected or susceptible host by any suitable route such as intravenous, 
subcutaneous, intramuscular and the like. 

It is noted, however, that based on the evidence presented herein, certain critical factors had to be 45 
established in arriving at the present Invention: first, that phosphorylated. chain-terminator nucleoside 
analogues are more efficacious as anti-retroviral agents than the non-phosphorylated forms if present within 
the cell; second, that such phosphorylated. chain-terminator analogues can be encapsulated in liposomes, 
without leaching therefrom; and that the liposomes can be targeted to the endocyfic cells which are a major 
reservoir of HIV infection. Once the feasibility of stable liposomal preparations was established, the next 50 
critical factor was to detennine the efficacy of the liposomal preparations against HIV without causing serious 
deleterious side effects. The results presented herein for the first time provide a potent anti-HIV composition 
and an effective delivery system for the same. 

It is understood that the examples and embodiments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be suggested to persons skilled in the art and are to 55 
be included within the spirit and purview of this application and scope of the appended claims. 



Claims QQ 

1- An anti-retroviral composition, characterized in that it compris s an effective amount of a 
chain-terminator phosphorylated nucleoside encapsulated in liposomes to inhibit reverse transcriptase 
activity of a retrovirus, and a pharmaceutically acceptable carrier. 65 
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2, Th compositon of claim 1. further characterized in that said chain-terminator phosphorylated 
nucleoside is mono-, di- or tri-phosphate. . . . * j 

3 The composition of claim 2. further characterized In that the chain-terminator phosphorylated 
nucleoside is selected from the group consisting of azidothymidine triphosphate, dideoxycytidine 
5 triphosphate, dideoxyadenosine triphosphate, dideoxythymidin triphosphate, dideoxyguanosine tri- 

phosphate and mixtures thereof. . . ^r^- 

4. The composition of claim 3, further characterized in that said chain terminator is dideoxycytidme 

triphosphate, . . ^ »- ^ 

5. The compositon of claim 4. further characterized in that said liposomes are conjugated with a Hgand 

10 for selective targeting of the liposomes. 

6. The composition of claim 5, further characterized in that said ligand is an antibody or fragment 
thereof having specific binding affinity to CD-4 or coat polyprotein of the retrovirus. 

7. The composition of claim 5, further characterized in that said ligand is retroviral envelope protein or a 

portion thereof. . ^ . . - ^ *- - 

75 8. The composition of claim 7, further characterized in that said retrovirus is human immunodeficiency 
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